Summary: Suncus murinus (suncus) is a new experimental animal model for research on the mechanisms underlying emesis. In the present study, we examined the ascending projections from the area postrema (AP) and the nucleus of the solitary tract (NTS) in suncus based on anterograde transport of phaseolus vulgaris leucoagglutinin. The AP projected heavily to the dorsal vagal complex, especially in the commissural and medial subnuclei of the NTS, and the dorsal motor nucleus of the vagus. Some ascending fibers from the AP projected bilaterally to the parabrachial nucleus (Pb), but no labeling was observed rostral to this area. In contrast, the NTS had extensive projections as far as the basal forebrain. The NTS projections were observed in the AP, ventrolateral reticular formation including the nucleus ambiguus, A5 noradrenergic area, locus coeruleus, Pb, and central gray matter of the midbrain. At the level of the diencephalon, the NTS projections were seen in the dorsomedial, lateral, paraventricular, periventricular, supraoptic, retrochiasmatic and arcuate nuclei of the hypothalamus, in addition to the paraventricular nucleus of the thalamus. Terminal fields within the basal forebrain were also shown to include the medial preoptic area, the bed nucleus of the stria terminalis, the substantia innominata and the ventral pallidum.
Suncus murinus (suncus), a species of Insectivora, is being used as a relatively new animal model for experimental research in Japan. Suncus are easily induced to vomit by exposing them to various stimuli, e.g., the emetic agents nicotine and veratrine (Ueno et al., 1987) , or reciprocal shaking (Ueno et aL, 1988) , and this makes the suncus a valuable experimental model for emetic research.
The area postrema (AP) in the suncus, as in the rat and rabbit, is an unpaired midline structure that ocupies the wall of the obex of the fourth ventricle. It is a highly vascular structure with a very weak blood-brain diffusion barrier, allowing most substances to penetrate into the interstitial space between the neurons. Based on physiological studies, the AP has generally been recognized to act as a "chemoreceptor trigger zone" for the induction of emesis (Borison et al., 1984; Carpenter, 1989) , however, there have been few morphological studies concerning the neuronal mechanisms which underlie the emetic reflex via the AP. Some studies have reported on the nature of the connectivity of the AP, but most have used the rat as their model, which, unlike the suncus, is not prone to vomiting (van der Kooy and Koda, 1983; Shapiro and Miselis, 1985a; Herbert et aL, 1990; Cunningham et aL, 1994) . In the ferret, a species with a high incidence of vomiting, Strominger et aL (1994) demonstrated that the AP has reciprocal connections only with the nucleus of the solitary tract (NTS), which is generally accepted as the primary recipient of gustatory, cardiovascular, pulmonary, and gastrointestinal sensory afferents.
Studies on the innervation of the NTS have suggested that functionally classified columns are arrayed rostrocaudally in this nucleus; for example, gustatory afferents occupy the rostral third portion of the column (Whitehead and Frank, 1983 ; Hamilton and Norgren, 1984) , while visceral afferents occupy a more caudal region (Kalia and Mesulam , 1980 ; Panneton and Loewy, 1980; Ciriello, 1983 Altschuler et al. , 1989 Altschuler et al. , , 1991 . Based on neurological studies showing that the NTS controls the gastrointestinal tract via the dorsal motor nucleus of the vagus (DMV) (Morest, 1967; Cottle and Calaresu, 1975; Norgren, 1978; Beckstead et aL, 1980; Rogers et aL, 1980; Arends et al. , 1988) , and controls the pharynx, larynx, and esophagus via the nucleus ambiguus (Amb) (Morest, 1967; Cottle and Calaresu, 1975 Cunningham et al., 1991) , the NTS appears to play an important role as the afferent system of all visceromotor reflexes, including the emetic response. Nevertheless, to define the neural pathways involved in the vomiting reflex, further comparative studies are necessary, especially in species having vomiting peculiarities.
The purpose of the present study was to examine in detail the ascending pathways and projection targets of the AP as well as those of the viscerosensory region of the NTS of the suncus by using the anterograde tracing method with Phaseolus vulgaris leucoagglutinin (PHA-L).
Materials and Methods
The experiments were carried out on 68 adult suncus of both sexes. The males weighed 50-90 g, and the females weighed 35-55 g; 57 animals were used for the PHA-L anterograde tracing study and 11 for the fluoro-gold (FG) retrograde tracing study. All surgical procedures were carried out under sodium pentobarbital anesthesia (40-50 mg/kg, i.p.). The cytoarchitectonic identifications and the brain nomenculture are according to the descriptions of Paxinos and Watson (1986) in the rat.
In the anterograde tracing experiments, injections of 2.5% PHA-L (Hohnen Inc., in 0.1 M Trisbuffer solution containing 0.3 M KC1 at pH 8.2) were made into either the AP or the NTS. The tracer was injected iontophoretically with a current of 10-20 gA applied in an alternating mode (5 s on/5 s off). Seven to ten days after the injection, the animals were perfused with 50 ml saline, followed by 100 ml of a solution containing 4% paraformaldehyde and 0.1% glutaraldehyde in 0.1 M phosphate buffer at pH 7.2, and then with 250 ml of 4% paraformaldehyde. The brains were immediately removed and embedded in an agarose-gelatin mixture, postfixed with 4% paraformaldehyde in the phosphate buffer overnight, and then stored in 20% sucrose solution for 2 days. Frozen frontal or sagittal sections were cut serially at a thickness of 40 gm with a freezing microtome, and every third section was collected and treated for immunohistochemical PHA-L reaction. The procedures for PHA-L were carried out according to Gerfen and Sawchenko (1984) . In brief, the sections were treated with 1% albumin solution for 1 hour, and then incubated in rabbit anti-PHA-L serum (dilution 1 : 2000, EY Lab.) for 2-3 days. The primary antibodies were localized by incubation in biotinylated goat anti-rabbit IgG serum (1 : 5000, Vector) overnight, and then in an ABC kit (Vector) overnight at 4 °C. Between each incubation, the sections were rinsed thoroughly with a Tris-buffer solution containing Triton-X100 at pH 7.4. After incubation, peroxidase was visualized by the cobalt-glucose oxidase method with diaminobenzidine (DAB) (Itoh et aL, 1979) . After mounting on gelatin-coated slides, the sections were dehydrated in alcohol, cleared in xylene, coverslipped, and observed under a light microscope. In order to clarify the normal cytoarchitecture, adjacent sections on one side were stained with thionin.
In order to investigate the relationship between anterograde labelings in the specific catecholaminergic and peptidergic neurons, adjacent sections on the opposite side were immunostained by the peroxidase-antiperoxidase (PAP) method (Sternberger, 1979 ) using mouse anti-tyrosine hydroxylase (TH) (Chemicon, dilution 1 : 1000), rabbit anti-phenylethanolamine-N-methyltransferase (PNMT) (Chemicon, dilution 1 : 1000), rabbit anti-arginine vasopressin (AVP) (Chemicon, dilution 1 : 2000) and rabbit anti-oxytocin (OT) (Funakoshi, dilution 1 : 500) sera. Each section was incubated with the respective primary antiserum for 2 days at 4 °C, and subsequently treated with a secondary antibody (goat anti-mouse IgG; Cappel, dilution 1 : 100 or anti-rabbit IgG; Cappel, dilution 1 : 100) and a final third layer (mouse PAP; Dako, dilution 1 : 100 or rabbit PAP; Dako, dilution 1 : 400) overnight at 4 °C. The immunoreaction was visualized by DAB reaction.
To confirm the results of the anterograde tracing study by retrograde transport, 0.02-0.04 gl of 1% FG (Fluorochrome Inc.) was injected into the parabrachial nucleus (Pb) under pressure with a 1 gl Hamilton syringe. Two days after the microinjection, the animals were anesthetized and perfused transcardially with 50 ml saline, followed by 300 ml of a solution containing 4% paraformaldehyde in phosphate buffer. The brains were removed and embedded in an agarose-gelatin mixture, postfixed with the same fixative overnight, then stored in 20% sucrose solution for 2 days. Serial frontal frozen sections were cut at a thickness of 40 pm with a freezing microtome, mounted on slides, and airdried at room temperature. The preparations were observed under a fluorescent microscope equipped with a UV filter system (Olympus, New Vanox).
Results
Projections from the AP Thirty-seven animals were used for PHA-L injection into the AP. In the representative animal No. 12, the injection deposit was centered in the AP and spread completely throughout the nucleus. However, no diffusion was observed in the nearby regions of the dorsal vagal complex (DVC) (Fig.  1A) . Although Fig. 1 shows only one side of the brainstem, the labelings were generally observed bilaterally.
Labeled fibers left the AP in the direction of the adjacent DVC, where the majority terminated immediately (Figs. 1B and 2A). Caudal to the AP, terminal labeling was observed in the medial and commissural subdivisions of the NTS. Slightly rostral to the AP, abundant labeling was observed in the medial and periventricular subdivisions of the NTS and the DMV (Figs. 1C and 2B), but labeling was rare in the lateral subdivisions around the solitary tract. There was no labelling in the more rostral regions of the NTS (Fig. 1D) . A portion of the labeled fibers passing through the DVC then entered the ventrolateral medullary area (Fig. 1B,  C ), but no terminal labeling could be observed in the ventrolateral reticular nucleus (VL) or the Amb. The fibers then passed rostrally through the pons immediately medial to the spinal trigeminal nucleus (Sp5) (Fig. 1D-G) . Rostral to the superior olivary nucleus, the labeled fibers turned dorsally and ended in a pattern of dense terminal arborizations in the central and external subdivisions of the lateral parabrachial nucleus (LPb) (Figs. 1H and 2C). Few labeled fibers were seen in the medial parabrachial (MPb) and K011iker-Fuse (KF) nuclei. In a more rostral portion of the Pb, no anterogradely-labeled fibers arising from the AP were found (not illustrated in Fig. 1 ).
Projections from the NTS Twenty animals were used for the PHA-L injection into the NTS. In the present study, we were able to confine the injections to almost entirely within the NTS and the DMV in eight animals, and similar patterns of anterograde labeling were obtained in all of these animals. Figure 3A shows the extent of the injection site in animal No. 47, including the entire DVC with slight overlap into regions immediately lateral and ventral to it (i.e., the gracile and the hypoglossal (XII) nuclei, respectively) but without any overlap into the AP.
In the DVC itself, PHA-L labeled fibers were observed in the entire NTS ipsilateral to the injection (Fig. 3C, D) . In addition, numerous fibers crossed the midline through the commissural subdivision and extended to the contralateral NTS region (Fig. 3A) . In the AP, a small number of fibers were observed immediately medial to the injection site (Fig. 3A, B) .
The majority of labeled fibers leaving the DVC coursed ventrolaterally, forming dense terminals in the Amb, the caudoventrolateral (CVL), and rostoventrolateral (RVL) reticular nuclei (Figs. 3B-D and 4A). In a supplementary immunohistochemical study using catecholaminergic markers, TH-and PNMT-immunoreactive neurons could be found in areas of the CVL and RVL, respectively (Fig. 4B) . In a more rostra! region of the ventrolateral pons, the labeled fibers coursed through the lateral region of the facial nucleus, where some terminal labeling was also seen in the region surrounding the facial nerve roots (Fig. 3E-G) .
At the level of the rostral pole of the principal trigeminal nucleus, labeled fibers turned sharply dorsally along the lateral lemniscus toward the dorsolateral pontine tegmentum (Fig. 3G, H) . A moderate number of labeled fibers and terminal boutons were also observed in the locus coeruleus (LC), where numerous TH-immunoreactive neurons were detected (Figs. 3F, G and 4C, D). In the LPb, dense plexuses of labeled fibers and terminals were observed in the external, central and dorsal subdivisions (Figs. 3H and 4E, F). Heavy terminal labeling was also seen in the KF (Fig. 3H) . In the MPb, fibers formed a dense terminal field surrounding a limited area immediately ventromedial to the superior cerebellar peduncle (scp), whereas only a few labeled fibers were seen in the remaining region of the MPb and scp (Figs. 3H and 4E) . Additionally, some labeled fibers and terminals were found in the lateral region of the central gray matter (CG) at the rostra! end of the pons (Fig.  3H) .
Rostral to the pons, the ascending fibers divided into two primary pathways: the dorsal pathway and the ventral pathway. The fibers of the former coursed dorsomedially from the rostral end of the LPb, and then entered the dorsal longitudinal fasciculus (d1f) (Fig. 31) . Many terminal boutons were observed in the ventromedial region of the CO at the caudal midbrain level, but few were detected at the middle or rostral levels (Fig. 3J, K) . At the level of the caudal diencephalon, the ascending fibers in the dlf again divided into two pathways: the secondary dorsal pathway and the secondary ventral pathway (Fig. 3L-N) . The fibers of the secondary dorsal pathway entered the medial region of the dorsal thalamus, sending abundant collaterals to the thalamic paraventricular nucleus (PVT) ( Fig.  3N-P) , whereas those of the secondary ventral pathway entered the hypothalamus (Fig. 3N) .
In contrast, the less abundant fibers of the primary ventral pathway coursed rostrally from the ventral region of the Pb to the ventral tegmental area (Fig. 31-M) . This pathway was occasionally observed in and around the medial lemniscus, but no terminal labeling was observed in any region of the midbrain. In the diencephalon, this pathway continued along the medial forebrain bundle (mfb) (Fig. 3N) .
The labeled fibers reaching the hypothalamus via the secondary ventral pathway and/or the primary ventral pathway showed characteristic distributional patterns in their target nuclei compared with those of the rat. The large number of labeled fibers and terminal boutons were observed in the dorsomedial hypothalamic nucleus (DMH) (Figs. 3N and  5 ), as well as in the lateral hypothalamic nucleus (LH) (Fig. 3N, 0 ). Fewer were observed in the paraventricular hypothalamic nucleus (PVH) where immunohistochemistry revealed a smaller number of AVP-and OT-immunoreactive neurons (Figs. 30 and 6 ). Such labeling was sometimes seen in the ventral narrow region of the periventricular hypothalamic nucleus (Figs. 3P and 6A) . Few, but distinctly labeled, fibers and terminals were also found in the retrochiasmatic area and in the supraoptic nucleus (Fig. 30-Q) . Occasionally, a small number of labeled fibers and terminals were seen in the arcuate nucleus (Fig. 3M, N) . A small number of labeled fibers were seen in the anterior hypothalamic and suprachiasmatic nuclei, but no terminal labeling was identified.
In areas further rostral, fibers projecting along the mfb gave off many collaterals to the substantia innominata (SI), but relatively few to the amygdaloid nucleus (Amy) (Fig. 30) . The projection fibers to the basal forebrain structures were distributed via the mfb and/or the secondary dorsal pathway. The heaviest terminal labeling was found in the bed nucleus of the stria terminalis (BST) immediately ventral to the lateral ventricle (Figs. 3R and 7A, B) . Labeled fibers and terminals in this area extended laterally to the ventral pallidum (VP) (Figs. 3R, S and 7A). It is notable that a considerable amount of terminal labeling was found in the medial preoptic area (MPA) (Figs. 3Q-S, 7C ), but that no more than a few labeled fibers could be found in the lateral preoptic area. Further rostral to this, no anterograde labeling was observed anywhere, except occasionally in the lateral septum, the diagonal band, and the nucleus accumbens (Fig. 3T) . All of the labelings in the present study were generally observed bilaterally, with dominant distribution on the ipsilateral side.
Retrograde tracing experiment
The anterograde tracing studies suggested an extensive projection system from both the AP and the NTS to the LPb. Retrogradely labeled neurons were consistently found throughout both regions after a large injection of FG into the Pb (Fig. 8A,  B) . Labeled cells were randomly distributed in the AP, with a majority found ipsilateral to the injection site (Fig. 8C) . These cells were round or oval in shape. In the NTS, a very large number of labeled cells was found ipsilaterally (Fig. 8C ), whereas only a few were found contralaterally. These cells tended to be elliptical or polygonal in shape and to have their long axis in a mediolateral orientation.
Discussion
In the present study, we examined the ascending pathways and the projection targets from the AP and the caudal portion of the NTS (Fig. 9) , and confirmed some reciprocal connections between the AP and the NTS at the level of the dorsal medulla. The target of the AP projection beyond the level of the dorsal medulla is the Pb. In contrast, the NTS has a long projection system extending as far as the basal forebrain, the targets including the Amb and VL in the medulla, the Pb and LC in the pons, the CG in the mesencephalon, the DMH, LH and PVT in the diencephalon, and the BST, SI, VP and MPA in the telencephalon.
Projections from the AP
In all species examined to date, the AP has been shown to have abundant reciprocal connections with the adjacent nuclei of the DVC. In the sixties, Morest (1960) reported on the existence of a local connection between the AP and the adjacent NTS in a study using the Golgi staining technique. More recently, as advances have been made in axonal transport technology, a number of studies on the connectivity of the AP have been carried out using rats as the model. Efferent fibers of the AP of the rat were found most heavily in the dorsal, medial, and commissural subnuclei of the NTS ( Miselis et al., 1989) . In a recent study in the ferret, the AP was found to have reciprocal connections with the medial and gelatinous subnuclei of the NTS (Strominger et aL, 1994) , and the present study in the suncus revealed dense inputs from the AP to the medial and commissural subdivisions of the NTS, in agreement with the findings in previous reports on the rat and ferret. As described later in detail, the caudal portion of the NTS has been reported to project to the DMV and the Amb in the rat, cat, and monkey (Morest, 1967 Thus, there appears to be a connection for an autonomic reflex arch conveying the visceral information of the AP as well as the NTS to the visceromotor preganglionic nuclei. The local pathway from the AP to the NTS may play a role in modifying the autonomic reflex arch with the chemo-and baroreceptive information.
It was interesting that the local projection targets of the AP noted in the present study directly involved not only the nearby NTS neurons but the parasympathetic preganglionic neurons of the DMV. Few such projections have been reported in the rat (Vigier and Portalier, 1979; Vigier and Rouviere, 1979 ; van der Kooy and Koda, 1983; Cunningham et aL, 1994) . Quoting a passage from Cunningham et al. (1994) , however, 'the possibility of AP inputs to the distal dendrites of the DMV neurons could not be excluded. ' The results of the present study suggests that the AP-DMV projection might form a bisynaptic modifying pathway through which chemo-and barosensory information could be transferred directly to the visceromotor system of the vagus.
The ascending projection arising from the AP neurons of the suncus was shown to innervate the LPb, especially in the areas of its external and central subdivisions. In other species, the existence of a connection between the AP and the Pb was first confirmed in the rat (Cedarbaum and Aghajanian, 1978) and cat (Loewy and Burton, 1978) . It was suggested later that the major neural target of the AP might be a specific region within the LPb, the external subdivision (van der Kooy and Koda, 1983; Cunningham et aL, 1994). Herbert et al. (1990) used an anterogarde tracing technique to examine the subnuclear organization of the AP-Pb projection in the rat. According to their findings, the core of the AP projected to the central, external, and dorsal subdivisions of the LPb. Our findings in the present study are entirely consistent with their results. In the rat and golden hamster, the external subdivision of the LPb was reported to project extensively to the basal forebrain region including to the Amy and the hypothalamus (Fulwiler and Saper, 1984; Moga et aL, 1990; Halsell, 1992) . Based on a physiological study, electrical or chemical stimulation of this region should produce profound pressor, tachycardic, and tachypneic responses in the rat . It seems likely that the AP-Pb projection system contributes to the transmission of cardiovascular impulses, but the exact nature of this connection is not known.
In contrast to the findings in the present study in the suncus, King (1980) reported the absence of any projection from the AP to the Pb in the cat. Vigier and co-workers studied the AP projections in the rat in detail, but they did not describe any parabrachial connection (Vigier and Portalier, 1979; Vigier and Rouviere, 1979) . Strominger et al. (1994) reported no ascending fibers arising from the AP in the ferret, except for a local connection to the NTS. The ferret, like the suncus, vomits frequently, and thus the difference between the findings in this study and theirs intrigues us. As discussed above, there may be a species-related difference in AP-Pb connectivity. Further studies are needed to clarify the significance of the AP-Pb connection.
In addition to projections to the DVC and the Pb, other targets of the AP have been proposed in tracing studies on the rat. Vigier and Rouviere (1979) described AP efferent projections to the XII, the mesencephalic trigeminal nucleus, the LC, and the inferior and superior colliculi, and van der Kooy and Koda (1983) reported on the existence of a few AP projections to the dorsal and dorsolateral tegmental nuclei. Shapiro and Miselis (1985a) described the system of direct projections to the Amb, the Sp5, the paratrigeminal nucleus, the ventrolateral medullary catecholaminergic region, the mesencephalic CG, and the cerebellar vermis. In contrast to the findings in these reports, Cunningham et aL (1994) reported that their PHA-L tracing study did not reveal any labeled fibers or any terminal boutons in these regions; a finding consistent with those of the present study. The reason for such a discrepancy is unclear, but it may be due to the different techniques used in each study.
Projections from the NTS
In studies in some mammals and birds , the DMV h as been found to be a major target of projections from the NTS (Morest, 1967 (1980) suggested that this pathway was responsible for the elaboration of a variety of the so-called "vagovagal" gastrointestinal reflexes. Due to certain technical limitations, we could not confirm whether such projections exist in the suncus. We assume, however, that they exist in this species, the same as in other species, because of the necessity of a direct autonomic reflex arch via the NTS as well as the AP in the suncus.
Projections from the NTS to the Amb have frequently been reported (Morest, 1967 Lawn (1966a, b) first proposed that the Amb is the origin of the motor nerves that innervate the special visceral striated musculature involved in breathing, swallowing, and phonation. More recently, Bieger and Hopkins (1987) studied the cytoarchitecture and viscerotopic organization of the Amb in the rat. They noted that the Amb was composed of compact, semicompact, loose and external formations that contained the esophagomotor, pharyngolaryngomotor, laryngomotor, and preganglionic neurons innervating the heart and supradiaphragmatic structures, respectively. Given such a diversity of visceral innervation from the Amb, projections from the NTS to the Amb most likely to mediate a variety of vagal visceral informations including vomiting, swallowing, respiratory, and cardiac responses. However, no such viscerotopic representation of the Amb has yet been shown in the suncus.
In contrast, Ross et aL (1985) suggested that terminals arising from the NTS were confined largely to areas outside the Amb itself. According to their study, the NTS innervates a region of the RVL containing Cl adrenergic neurons and the contiguous region of the CVL containing Al noradrenergic neurons. In our investigation in the suncus, the distribution pattern of TH-and PNMT-immunoreactive neurons in the ventrolateral medulla was shown to be similar to that of the rat. The RVL and the CVL may therefore contain adrenergic and noradrenergic neurons, respectively. Therefore, the NTS-medullary projection may form an anatomical substrate for the catecholaminergic system responsible for baroreceptive, chemoreceptive, and other visceral information in the suncus as well as in the rat.
In the suncus, as in other mammals, the Pb is the major target for projections from the NTS, and has generally been regarded as a relay of visceral and gustatory afferents to higher levels (Norgren and Leonard, 1973; Sakai et al., 1977; Norgren, 1978; Ricardo and Koh, 1978; Beckstead et al., 1980; King, 1980; Herbert et al., 1990) . Physiological studies have suggested that taste-responsive neurons are primarily located in the MPb and that viscerosensory-responsive neurons are located in the LPb (Norgren and Pfaffmann, 1975; Hermann and Rogers, 1985; Ward, 1989; Halsell and Frank, 1991) . Furthermore, anatomical studies on the ascending NTS-Pb projection suggested that there was a subnuclear organization in their connection (Norgren, 1978; Ricardo and Koh, 1978; ). According to Herbert et al. (1990) , the medial NTS, which they refer to as "the general visceral part", projects to restricted terminal regions in the external, central and dorsal subdivisions of the LPb and to the waist area of the scp, while the ventrolateral NTS, or "the respiratory area", projects to the KF and to the restricted areas in the LPb and MPb. As described above, heavy terminal labeling was observed in the suncus almost entirely within the LPb, a limited area of the MPb, and in the KF. The pattern of labeling observed in our present experiment could thus be considered as representing a combination of the patterns of medial NTS projection and ventrolateral NTS projection reported by Herbert et aL (1990) . Our results may be attributable to the extent of the injection territory including the entire medial and the ventrolateral regions of the NTS (see Fig. 3A ). However, it seems certain that a few differences in organization of the NTS-Pb projection exist between the suncus and the rat. For example, heavy terminal labeling in the waist area of the scp was seen in the rat, but not seen in the suncus.
Direct projections from the NTS to the hypothalamus were described by Ricardo and Koh (1978) and ter Horst et aL (1989) in the rat and by Arend et aL (1988) in the pigeon. In general, the hypothalamic targets of ascending fibers from the caudal NTS in the suncus are similar to those in the rat. However, some differences between the two species in areas receiving the NTS inputs were also seen. The most striking difference was in the PVH, where ter Horst et al. (1989) observed a dense network of efferent fibers from the NTS, whereas in the present study we observed only a few labeled fibers and terminals. This may be due to the PVH of the suncus being underdeveloped; for example, the small number of AVP-and OTimmunoreactive cells distributed in the dorsal region of the nucleus (Fig. 6B) , which may correspond to the magnocellular subnucleus of the PVH in the rat. In general, the distributional pattern of the neuropeptide-containing cells in the PVH of the suncus is to some degree different from that of other mammalian species.
It was interesting that only a few labeled fibers could be found in the Amy. In the rat, a strong amygdaloid projection from the NTS has been demonstrated in studies using an anterograde transport technique (Ricardo and Koh, 1978; ter Horst et al. , 1989 ) and a retrograde transport technique (Ottersen, 1981 ; Zardetto-Smith and Gray, 1990; Petrov et aL , 1993) . In the rabbit, Kapp et al. (1989) confirmed that the NTS projects to the central subdivision of the Amy both directly and indirectly, primarily by way of the LPb. They suggested that these projections form an anatomical substrate by which visceral afferent impulses may influence the limbic forebrain. In contrast to the results reported in the rat and rabbit, the afferent connection leading from the NTS to the Amy in the cat was found to be weak (Volz et al., 1990) or completely absent (Ottersen, 1981; Russchen, 1982) . These findings in the cat agree with those obtained in our present study in the suncus. In conclusion, a species-related distinction certainly exists in regard to the direct NTS-Amy projection. The reason for such an underdeveloped projection in the cat and suncus is unclear. Further detailed studies including the possibility of an indirect connection by way of the Pb are needed. 
